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§7. Effects of Magnetic Field on the Plasma 
Flow Measurements Using Directional 
Probes 
Nagaoka, K., Okamoto, A., Nakamura, K. (Nagoya Univ.) 
Yoshimura, S., Tanaka, M.Y. 
Ion flow measurements using electrostatic probes have 
been studied in the edge regions of magnetic confinement 
plasmas. These flow measurements were restricted to the 
parallel flow measurement along the magnetic field. To 
investigate macroscopic flow structures induced in a ECR 
plasma, we are developing a flow measurement technique 
reliable for the determination of perpendicular flow to the 
magnetic field as well as parallel flow. The effects of 
magnetic field on the perpendicular velocity measurement 
have been experimentally studied in a High Density Plasma 
Experiment (Hyper-I) plasma. 
The directional probe consisting of a tungsten electrode 
and an alumina insulating tube was used in the experiments. 
The diameter of the probe 2Rp is 3mm and the ion saturation 
current is collected through a small hole on the alumina 
surface. 
The experiments were performed in the Hyper-I device 
(30cm in diameter and 200cm in length). The magnetic field 
intensity was 0.8kG'""-' 1kQ and the plasmas were generated 
by an electron cyclotron resonance heating (ECH). The 
density, the electron and ion temperatures were 1 X 1011cm-3, 
8eV, leV, respectively. The ratio of the ion Larmor radius 
ranges to p /Rp-o.7 and the magnetized condition for ions 
(p / Rp<l) is achieved. 
The effect of the magnetic field on the ion saturation 
currents measured by the directional probe is shown in Fig. 1. 
)¥hen the normal of probe surface is parallel to the 
magnetic field ( e =0, 180), the ion saturation currents have 
the local maxima, while in the perpendicular case ( e =90, 
270), the local minima. These phenomena were not 
observed under the unmagnetized condition for ions; the ion 
saturation currents for the case of p /Rp-4 had one 
maximum and one minimum corresponding to the direction 
of ion drift. 
Several models have been proposed to evaluate the flow 
velocity. Most of them indicate that the flow velocity 
normalized by ion acoustic velocity is proportional to the 
value of InR, where R is the ratio of the ion saturation 
currents measured at angles e and e + 1t • Although the ion 
saturation currents are influenced by the magnetic field as 
seen in Fig. 1, the quantity InR well agrees with the 
theoretical curve, which is shown in Fig.2. This means that 
it is still possible to measure the ion drift velocities by using 
the directional probe under the magnetized condition for ion. 
The reason is understood as follow; the ion saturation 
currents are equally influenced by the magnetic field, thus 
the effect of the magnetic field on the ratio R is canceled out. 
As a result, the ion drift velocity, which is proportional to 
InR, well agrees with the theoretical results without the 
effects of ~he magnetic field. 
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Fig. 1 Ion saturation current as a function of the angle e 
between the normal of probe surface and the magnetic field. 
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Fig.2 Ion drift velocity as a function of the angle e . 
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